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Abstract of JP8201861 
PURPOSE: To provide a communication 
method utilizing optical soliton and by which 
further abundant information can be 
transmitted and information transmission can 
be carried out stably as compared with a 
characteristic frequency communication and 
provide a communication system of the 
method. CONSTITUTION: Regarding a 
communication system in which optical 
solitons are sent in a transmitting path 
consisting of optical fibers and having 
dispersed properties and non-linearity and 
transmitted through the path; the 
communication system is provided with a 
phase modulating means 1 to modulate the 
phases of optical solitons corresponding to 
information signals, the transmitting path 2 to 
transmit the information signals, a phase 
detecting means 4 to detect the phases of 
optical solitons based on the initial phases of 
the optical solitons, and a demodulating 
means 5 to demodulate the information signals 
of the optical solitons transmitted from the 
phase detecting means. 
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(54) COMMUNICATION METHOD UTILIZING OPTICAL SOLUTION AND 
COMMUNICATION SYSTEM USING THE METHOD 

(57)Abstract: 

PURPOSE: To provide a communication method utilizing 
optical soliton and by which further abundant information 
can be transmitted and information transmission can be 
carried out stably as compared with a characteristic 
frequency communication and provide a communication 
system of the method. 

CONSTITUTION: Regarding a communication system in 
which optical solitons are sent in a transmitting path 
consisting of optical fibers and having dispersed 
properties and non-linearity and transmitted through the 
path; the communication system is provided with a 
phase modulating means 1 to modulate the phases of 
optical solitons corresponding to information signals, the 
transmitting path 2 to transmit the information signals, a 
phase detecting means 4 to detect the phases of optical solitons based on the initial phases 
of the optical solitons, and a demodulating means 5 to demodulate the information signals of 
the optical solitons transmitted from the phase detecting means. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing one example of the communication system using the 
optical soliton of this invention. 

[Drawing 2] It is drawing showing the result of having performed simulation of an optical soliton. 
[Drawing 3] It is drawing showing the relation of an error rate with the transmission distance of the IM- 
DD method using an optical soliton, and an PSK method. 

[Drawing 4] It is drawing showing the relation of the distance which an error produces by the initial 
pulse separation and the interaction in the IM-DD method using an optical soliton. 
[Description of Notations] 

1 Phase Modulation Means 

2 Propagation Path 

3 Amplifier 

4 Phase Detection Means 

5 Recovery Means 

6 Optical Soliton 
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DRAWINGS 



[Drawing 2} 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the communication mode which uses an optical soliton, 
and relates to the communication mode which performs a phase modulation corresponding to an 
information signal, and transmits an information signal especially, using an optical soliton as a 
subcarrier. 
[0002] 

[Description of the Prior Art] Current and the fiber-optics-communication method introduced in 
commercial are intensity modulation direct detection methods (IM-DD method), and is a communication 
mode which carries and transmits an information signal to the existence of a pulse. Moreover, taking 
advantage of the coherence nature of a laser beam, research is briskly recommended also for the 
coherent light communication mode which puts an information signal on the property as a wave called 
the frequency and phase of light. On the other hand, research is energetically recommended also for the 
fiber-optics-communication method using an optical soliton. Also in this case, the information signal is 
put on the existence of a SORITO pulse, and is equivalent to the IM-DD method using an optical 
soliton. 

[0003] Moreover, the artificer of this application has proposed the characteristic value communication 
mode which can transmit information also to a remote place using the property in which the 
characteristic value of a light wave does not already change according to travelling distance even if 
dispersibility and non-linearity exist in a propagation track (refer to JP,5-232523,A). 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the phase-modulation communication link 
formula using the above-mentioned conventional light wave, distortion arises on the structure of an 
optical fiber in the phase by which the nonlinearity that the dispersibility and the wave that group 
velocity distributes were distorted was modulated by influencing, and quality optical communication is 
rather difficult. This invention aims at offering the correspondence procedure using the optical soliton 
which can remove this conventional trouble, and can transmit more information, and can perform more 
stable signal transduction compared with a characteristic value communication link, and its 
communication system. 
[0005] 

[Means for Solving the Problem] In the correspondence procedure which is made to input an optical 
soliton into the propagation path which has the dispersibility and nonlinearity of (1) optical fiber etc., 
and is made to spread in order that this invention may attain the above-mentioned purpose The initial 
phase of an optical soliton pulse is saved as long as an optical soliton pulse spreads according to a 
nonlinear Schrodinger equation. It is not based on time amount in a pulse, but an information signal 
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performs the phase modulation of an optical soliton using a fixed property, using an optical soliton as a 
subcarrier, an information signal is transmitted through a propagation path, and it restores to the 
transmitted information signal based on the initial phase of an optical soliton. 

[0006] (2) Put an information signal on the phase of the pulse which constitutes an optical soliton pulse 
train in the correspondence procedure using the optical soliton of the above-mentioned (1) publication. 
(3) In the correspondence procedure using the optical soliton of the above-mentioned (2) publication, 
perform transmission control of the parameter of an optical soliton and suppress fluctuation of a gap of 
the center position of a pulse, and a phase shift. 

[0007] (4) Put an information signal on the phase contrast between contiguity solitons in the 
correspondence procedure using the optical soliton of the above-mentioned (1) publication. 

(5) Transmit 0 or pi, and a nothing information signal for an initial phase difference in the 
correspondence procedure using the optical soliton of the above-mentioned (4) publication. 

(6) Establish a phase modulation means to modulate the phase of an optical soliton, the propagation path 
which transmits an information signal, a phase detection means to detect the phase of an optical soliton 
based on the initial phase of an optical soliton, and a recovery means to restore to the information signal 
transmitted from the phase of the optical soliton, corresponding to an information signal in the 
communication system which is made to input an optical soliton into the propagation path which has the 
dispersibility and nonlinearity of an optical fiber etc., and is made to spread. 

[0008] (7) Form the transmission control unit of the parameter of the optical soliton which suppresses 
fluctuation of a gap of the center position of a pulse, and a phase shift in the communication system 
using the optical soliton of the above-mentioned (6) publication. 
[0009] 

[Function] According to this invention, as a new communication mode using an optical soliton, using an 
optical soliton as a subcarrier, a phase modulation is performed and the communication mode which 
transmits an information signal is proposed with an information signal. It is the method which puts 
information on the phase of each pulse from which this method constitutes a soliton pulse train to the 
conventional optical soliton communication link having been the method which puts information on the 
existence of a pulse, or the phase contrast between contiguity solitons. 

[0010] That is, an optical soliton can choose independently the phase between two solitons which carry 
out (1) contiguity, respectively. (2) It has two descriptions that the phase within a soliton pulse is not 
based on time amount, but is fixed. If this description is used, the phase of an optical soliton can be 
modulated and the new communication mode which communicates by putting information on this can 
be built. 

[001 1] Moreover, transmission control can be performed using the control unit of the parameter of 
optical solitons, such as periodic magnification, and a frequency filter, nonlinear gain, by conveyance on 
the street, and little transmission of an error can be performed. 
[0012] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. According to 
this invention, the initial phase of a soliton pulse is saved as long as a light pulse spreads according to a 
nonlinear Schrodinger equation, and it is fixed in a pulse, this ~ as well as the case of coherent optical 
communication when using an optical soliton, an information signal can be put on the phase of each 
pulse of a soliton pulse train. 

[0013] The block diagram showing one example of the communication system with which drawing 1 
uses the optical soliton of this invention, and drawing 2 are drawings showing the result of having 
performed simulation of an optical soliton. In this drawing, the phase modulation means 1 is a means 
which carries out the phase modulation of the optical soliton 6 which is a subcarrier corresponding to the 
information signal which is going to communicate. With the phase-modulation means 1, the optical 
soliton pulse by which the phase modulation was carried out is inputted into the input terminal of the 
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propagation path 2 which has the dispersibility and nonlinearity of an optical fiber etc., and is spread. In 
that case, the initial phase of an optical soliton pulse is saved as long as an optical soliton pulse spreads 
according to a nonlinear Schrodinger equation, is not based on time amount in a pulse, but has a fixed 
property, and it detects that phase with the phase detection means 4, restores to the information signal 
transmitted with the recovery means 5, and he is trying to receive in a receiving side based on this initial 
phase. Here, as a phase modulation means 1, it is UT, for example. Annealed of Photonics Proton The 
device with which the circuit was built on the LiNb03 ingredient of X-cut using the Exchange 
(APETM) process can be used. Moreover, 3 is amplifier. 

[0014] This invention examines the transmission characteristic of the PE which uses such an optical 
soliton as a subcarrier. When performing a phase modulation, a phase is continuously modulated with an 
information signal, an analog transmission is performed, or although it is also possible to transmit a 
multiple-value signal, transmission of the binary digital signal equivalent to the PSK (about [ digital one 
which puts an information signal on a phase ] phase modulation : phase shift key) method which used 
the optical soliton is considered here. 

[0015] Then, the method of a model explains an equation. The term which expresses the frequency filter 
and nonlinear gain for the periodic magnification for compensating fiber loss and transmission control 
with a nonlinear Schrodinger equation as an equation considers the equation added as a perturbation for 
the method of the model which describes behavior of the light pulse in an optical fiber. 
[0016] 
[Equation 1] 

iJ^+{-f^+lql* q = i (5q+i^|^+irlqi 2 q+SCT.Z) ( 1 ) 

[001 7] Here, the time amount by which T and Z were standardized and distance, and q express the guy 
DINGU center amplitude of the standardized electric-field envelope. The spontaneous emmision noise 
which surplus gain [ in / in delta and beta / a frequency center of filter frequency ] and the curvature of 
frequency characteristics, and gamma join with a nonlinear gain coefficient, and S (T, Z) joins with 
amplifier is expressed. A soliton pulse is influenced by an interaction with initial distortion, amplifier 
noise, and contiguity soliton of pulse shape etc. Therefore, the transmission control by the frequency 
filter, nonlinear gain, etc. is needed. 

[0018] Next, the initial distortion of pulse shape and the effect of an amplifier noise are explained. In 
order to know the behavior of the soliton by the perturbation term shown in the right-hand side of said 
equation (1), the Dina Michal equation showing an adiabatic change of a light pulse is drawn. First, a 
light pulse shall be expressed with a degree type. 
[0019] 
[Equation 2] 

a(T. Z)=77(Z)sech[7?(Z){T-To(Z)}]epx[-ik(Z)T + i0 o (Z)] - (2) 

[0020] It means changing adiabatically as the parameters eta and k showing the amplitude (or width of 
face) and rate (or frequency) of 1 -soliton solution of a nonlinear Schrodinger equation spread this 
equation (2). Moreover, center position TO of a soliton And phase theta 0 It is the function of Z. Said 
formula (2) is substituted for a formula (1), and a degree type is further obtained by using a perturbation 
backscattering method. 
[0021] 
[Equation 3] 
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|| = 2 5«?-2j3*(jJ|*+kJ)-j-f r>)'+S,(Z>. ||=-{i3k73'+S.(Z) 



ff* = {u*-k*)+T,|f +S*.(Z). j|°=-k+ST,(Z) 

[0022] Here, it is Si. (Z), and (i=eta, k and TO and theta 0) express the effectiveness of the random kick 
which a noise gives to a soliton parameter, and is the autocorrelation-function <Si. (Z) Si (Z')> is given 
by the degree type. 
[0023] 
[Equation 4] 

<S,(Z)S,(Z')>=2 w,«5(Z-Z') •••(4) 



_ (O-l)ft _ n „ „ _ (G- 1 )n 

" ~ 2N.Z. _3A£ " Mk ~ 6N»Z. 

„ _ (C- 1 )7T t _ n 1 .. (G- 1 Xff' + 12) _ g'H-12 

. T,_ 24'77 , N,Z.~4^" /i * 72"?N,Z. 12^ 

c:-e, 5 (Z) tt-r^^KSft-e*?). Gti*«M5g<D**i?iJ#* n 0 WJftax*^ 

<5 = /9=r = 0s S, =S* =St 4 =S 8o = 0 ifc^T> C3) 4Z = 0W 
*fcjJW_l (J7. k. To . 5o ) - OTo . 1T 0 . Too. "^oo) 

[0024] If it solves also as **, it will become the following formula (5). 

[0025] 

[Equation 5] 

77=^0 . k=lto . To =Too-1?o Z. 0o =^oo + yC?2-Tj)Z - (5) 

[0026] This is the basic principle of the PE of this invention. Moreover, in the above-mentioned formula 
(3), by choosing with beta=3delta+2gamma, = (eta, k) (1 0) becomes a stable point asymptotically, and 
can perform transmission control of a soliton. 
[0027] 
[Equation 6] 

U, k. To . Bo ) = C?+Aj7. Tc+Ak, To +AT 0 , T 0 + A 
0o ) iz&UTjS. (3) KftAU /3=3<5 + 2 7©^#cdT-C. (V. It. T« . 
£~o) = (l, 0, 0, Z/2) (DmVT'&BKTZt, 

d(_To) _ d(Mi)_ An ,« 

[0028] It becomes. Said formula (6) is delta eta, delta thetaO, and delta k and delta TO. It means having 
joined together, respectively. First, the effectiveness of the transmission control by the effect distorted 
the first stage, the frequency filter, and nonlinear gain of pulse shape is examined that there is no 
amplifier noise. 
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[0029] 
[Equation 7] 

«0»MS* (A j?, Ak, ATo . A 0 o ) = Of. To . flo ) <tfc<o fc^ft) 



Ak=1t « » TTe 

ATo =T 0 -TfZ < > To -y|(l-e-*"'») -(7) 

A0 O =?o +~nZ < > 'do (1 - e" 4 ") 



[0030] In not performing transmission control, when it performs transmission control to the center 
position and phase shift of a pulse from this formula (7) to increasing in proportion to travelling 
distance, it turns out that only a gap of the constant decided by initial distortion is produced. Next, the 
effect of the spontaneous emmision noise of amplifier and the effectiveness of transmission control are 
examined that there is no initial distortion in pulse shape. 

[003 1] Since Si of the right-hand side of said equation (6), and (i=eta, k and TO and theta 0) express the 
random rocking force, said equation (6) turns into a Langevin equation in this case. Si It is [0032], when 
the square average (distribution) of (delta eta, delta k, delta TO, and deltathetaO) at the time of carrying 
out is calculated when not performing transmission control and noting that an autocorrelation function is 
given by said formula (4). 
[Equation 8] 

f <at? 8 (z) > =2jti,z < — *j|n -e-* 1 ) 

<Ak'(Z) >=2 MkZ < ^i^-o-e-"'") ... (g) 

<AT? (Z) > =|w k Z 3 +2# T0 Z < > |fj I (8eZ-9 + 12e- 4 ^ , -3e- w »^ )+2jtz T0 Z 

<A£?S (Z) >-y/z 77 Z s +2z^ 0 Z < » jj^,<85Z-8 + 4 e^* 1 - e" 1 " )+ 2^ o Z 



[0033] It becomes. It is a phase shift deltathetaO like [ formula / this / (8) ] the gap deltaTO (timing jitter 
by the Gordon-Haus effectiveness) of the center position of the pulse by the amplifier noise. It turns out 
that it is stopped by the effectiveness which is proportional to a transmission distance by performing 
transmission control about the effectiveness that fluctuation also increases in proportion to the cube of a 
transmission distance. Moreover, deltaTO beta is deltathetaO. It is stopped, so that delta is large 
respectively. 

[0034] Furthermore, it asks for the transmission distance of the IM-DD method using an optical soliton, 
and an PSK method, and the relation of an error rate from said formula (8). deltaTO And deltathetaO 
Probability distribution is assumed to be what is expressed with Gaussian distribution. Moreover, with 
an IM-DD method, it is TO. When half-power- width 21oge (root2+l) of a pulse shifts 1/2 or more, it is 
regarded as an error, and with an PSK method, it is theta 0. It will be considered that the case where it 
shifts pi/2 or more is an error. At this time, it is an error rate Pe. It is [0035], respectively. 
[Equation 9] 
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er f c 



tt/2 



V2<A0KZ)>_ 



P 1 



I H-DD _ 



erf c 



log.(vT+ 1) 



72<ATKZ)> 



(9) 



[0036] Moreover, mu of said formula (4) is [0037]. 
[Equation 10] 



4 n i c 3 h 



n 2 7 r 



3 {2 1og.(/Y+D} 3 A 5 D Z A ef( 



(1 0) 



r s te'^Uxom^Wf^ Att&g. DttSigfl&gJix A., r li^rol 
MI«^§o ftWIil^ n,=3. 2X10- 16 [cm ! /W],?=0. 
2 [dB/km] s t s = 2 0 [psK A = 1 . 55 [jum] , D=l. 0 [ps 
/ (nm • km) ] > A.,, =3 0 lum 1 ] £LfcB*fcs % (9) 
$*8 3i:*t. d©££. %WeM.zt \t\ 0 1 [km] T'&3„ 



[0038] Drawing 3 shows that a transmission distance can be extended by the transmission control by the 
frequency filter and nonlinear gain. Moreover, when not performing transmission control, it turns out 
that the error rate of the IM-DD method to an amplifier noise and an PSK method is almost the same. 
Next, the effect of the interaction between contiguity solitons is explained. When a phase is the same as 
a contiguity soliton (i.e., when it is an inphase), a soliton is drawn mutually and causes a collision. 
Moreover, when the phase has shifted only in pi, in the case of opposition, a soliton is repelled mutually, 
and pulse separation spread. In any case, the center position of a pulse shifts, and it becomes the cause of 
a decode error. A perturbation backscattering method considers the effect of an interaction. First, an 
adjoining soliton will be expressed with a degree type. 
[0039] 

[Equation 1 1J 

q(T, Z)=EA J (Z)sech[A,(2){T-T J (Z))]e- lBJ,^),T - T i <^,,+ ' D i <z, - (1 1) 



[0040] The parameter Aj by which the soliton of this formula (1 1) is characterized, Bj, Tj, and Dj The 
perturbation backscattering method for having taken the interaction with a contiguity soliton into 
consideration for changing adiabatically to Z is applied, and it is [0041]. 
[Equation 12] 
p d a 
dZ 



2<5A-2 5A( jA t +B') + j7A' 



dZ 3 BA B 



= 8A'e' AflT sin(A9)+25AA-2 J 8{(A , +B s )AA+2ABAB} + 4 rA'AA 



d(A A) 
dZ 

=8A'e- AAT cos(Ae)--i i3 A(AAB+2BAA) 



(1 2) 



d(AT) 
L dZ 



= -AB. ^=AAA-|*A'BAT 



[0042] ******. Here, they are A= (Al+A2)/2, B= (Bl+B-2)/2, deltaA=Al-A2, deltaB=B 1 -B-2, 
deltaT=Tl-T2, deltaD=Dl-D2, and delta theta=BdeltaT+delta D. Moreover, in drawing a formula (12), 
approximation of | delta A|«A, |deltaB|«B, AdeltaT»l, and |delta A|delta T«l was used. Moreover, 
below, initial condition in Z= 0 in the case of solving the initial value problem of a formula (12) is made 
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into = (A, B, delta A, delta B, delta T, delta theta) (1, 0, 0, 0, TO, and theta 0). 

[0043] When not performing transmission control, the initial value problem of said formula (12) can be 
solved analytically. It is [0044] when two solitons are inphases (thetaO =0) in Z= 0. 
[Equation 13] 

AT(Z)=T 0 + 2 logJcos(2 e- T>/2 Z)l, A6(Z)-0 - (1 3 a) 

£tt*o Z=0T2oOV'J h>rt<i_fi (6o =*) 

AT(Z)=T 0 + log. |-|coshC4 e - Tt/2 Z)| , A9(Z) = * ... (1 3 b) 

[0045] It becomes, when |deltaT-T0 | shifts in said formula (13) about an IM-DD method more than 
half-power- width 21og [(root2) +1] of a pulse (one soliton shifts only one half of half-value width at this 
time), ****** an error arises - the transmission distance at that time ~ Ze [** - if it carries out — 0046] 

[Equation 14] 

oos-'(/2-i) mm(Pij& ^ 7 cosh-' (5+4/2) . , . j _ 

2e- 7 ^ CWIB©* -& ; , Z.- 4e -wi (iMS©*^) •••(14) 

[0047] It becomes. On the other hand, by the PSK method of this invention, when an initial phase 
difference is 0 or pi, phase contrast deltatheta does not change with transmission distances. When 
transmission control is performed, said formula (12) is numerically solved with a Runge-Kutta method, 
and it is Ze. And it asked for deltatheta (Z). Initial pulse separation TO for which it asked by said 
formula (14) and numerical calculation Distance Ze which an error produces by the IM-DD method 
Relation is shown in drawing 4 . Moreover, also when transmission control is performed, phase contrast 
deltatheta does not change. Therefore, phase contrast does not change to the interaction between 
solitons, but the phase of a soliton is still more fixed in a pulse, and it turns out that the direction of an 
PSK method can make an error rate small compared with an IM-DD method since an information signal 
is discriminable also in the part of the skirt of a pulse. 

[0048] Thus, the communication mode by the phase modulation using an optical soliton as a subcarrier 
was examined. The method of perturbation estimated quantitatively the effectiveness of the transmission 
control by the effect, the frequency filter, and nonlinear gain which the initial distortion of pulse shape, 
an amplifier noise, and the interaction between solitons exert on the center position and phase of a pulse, 
and the comparison of the IM-DD method using a soliton and an PSK method was performed. 
[0049] Consequently, although great difference did not have the transmission characteristic of an PSK 
method to the amplifier noise compared with the IM-DD method, it became clear that it is hard to be 
influenced to the interaction between solitons. Moreover, it turned out that the effectiveness of 
transmission control over a noise is large. It is a future technical problem to perform the comparison 
with the digital PE (PSK method) which puts an information signal on a phase among coherent light 
communication modes, and to clarify the merits and demerits. 

[0050] In addition, this invention is not limited to the above-mentioned example, and based on the 
meaning of this invention, various deformation is possible for it and it does not eliminate these from the 
range of this invention. 
[0051] 

[Effect of the Invention] As mentioned above, according to this invention, the following effectiveness 
can be done so as explained to the detail. 

Much information can be transmitted from (1) and more stable signal transduction can be performed 
compared with a characteristic value communication link. 

[0052] (2) As for the communication link by phase-modulation control of this optical soliton, 
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development is expected as the basic trunk for high-speed optical communication and multimedia, and 
high-reliability optical communication. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the correspondence procedure which is made to input an optical soliton into the 
propagation path which has the dispersibility and nonlinearity of an optical fiber etc., and is made to 
spread The initial phase of an optical soliton pulse is saved as long as an optical soliton pulse spreads 
according to a nonlinear Schrodinger equation. It is not based on time amount in a pulse, but an optical 
soliton is used as a subcarrier using a fixed property. The correspondence procedure using the optical 
soliton characterized by restoring to the information signal which performed the phase modulation of an 
optical soliton with the information signal, transmitted the information signal through the propagation 
path, and was transmitted based on the initial phase of an optical soliton. 
[Claim 2] The correspondence procedure using the optical soliton characterized by putting an 
information signal on the phase of the pulse which constitutes an optical soliton pulse train in the 
correspondence procedure using an optical soliton according to claim 1 . 
[Claim 3] The **** correspondence procedure for optical solitons characterized by performing 
transmission control of the parameter of an optical soliton and suppressing fluctuation of a gap of the 
center position of a pulse, and a phase shift in the correspondence procedure using an optical soliton 
according to claim 2. 

[Claim 4] The **** correspondence procedure for optical solitons characterized by putting an 
information signal on the phase contrast between contiguity solitons in the correspondence procedure 
using an optical soliton according to claim 1 . 

[Claim 5] The **** correspondence procedure for optical solitons characterized by transmitting 0 or pi, 
and a nothing information signal for an initial phase difference in the correspondence procedure using an 
optical soliton according to claim 4. 

[Claim 6] In the communication system which is made to input an optical soliton into the propagation 
path which has the dispersibility and nonlinearity of an optical fiber etc., and is made to spread (a) A 
phase modulation means to modulate the phase of an optical soliton corresponding to an information 
signal, (b) - the propagation path which transmits an information signal, a phase detection means to 
detect the phase of an optical soliton based on the initial phase of the (c) optical soliton, and (d) — the 
communication system using the optical soliton possessing a recovery means to restore to the 
information signal transmitted from the phase of the optical soliton. 

[Claim 7] Communication system using the optical soliton which possesses the control unit of the 
parameter of the optical soliton which suppresses fluctuation of a gap of the center position of a pulse, 
and a phase shift in the communication system using an optical soliton according to claim 6. 



[Translation done.] 
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